Marfan syndrome is an autosomally inherited disorder affecting the synthesis of connective tissues. Vascular manifestations of Marfan syndrome include aneurysmal dilatation of the aortic root, aortic dissection, and rupture. Peripheral aneurysms are mostly reported in the iliac, femoral, and subclavian arteries. We report a Marfan patient with a ruptured axillary artery aneurysm and a large left internal mammary artery aneurysm. The axillary aneurysm was successfully excluded using covered stent grafts, and the left internal mammary artery aneurysm was effectively coiled. Duplex ultrasound imaging at 4 months and computed tomography at 9 months demonstrated complete thrombosis and exclusion of both aneurysms with patent subclavian-axillary stent grafts. ( J Vasc Surg 2011;53:478-82.)
A 68-year-old man underwent multiple interventions for vascular manifestations of MFS. In 1990 he underwent open infrarenal abdominal aortic aneurysm repair with a tube graft. The ascending aorta and the aortic valve were replaced in 1997. The thoracoabdominal aorta from the left subclavian to the renal arteries was subsequently replaced in 2000. Owing to cardiomyopathy, a heart transplant was performed in 2002.
Aneurysms of the left axillary artery and left internal mammary artery (LIMA), dissection of the right subclavian artery, and a 5.1-cm pseudoaneurysm from the ascending aorta had been noted on two previous computed tomography (CT) scans; however, these were not routinely monitored.
The patient presented with acute onset of severe left shoulder pain associated with extensive ecchymosis across his left chest wall and axilla and also intermittent numbness and tingling of his left arm. Before the onset of pain, he experienced excessive coughing and was subsequently diagnosed with community-acquired pneumonia. Physical examination revealed a Marfanoid body habitus, ecchymosis over his left chest wall, and a large, pulsatile mass below his distal left clavicle. He was hemodynamically stable.
A contrast-enhanced CT of the chest demonstrated a ruptured left axillary aneurysm measuring 5.6 ϫ 5.7 cm in diameter, with fat stranding and hemorrhage tracking behind the pectoralis muscle (Fig 1, A) . An intact, 6 ϫ 4.6-cm LIMA aneurysm was also noted just distal to its origin from the subclavian artery (Fig 1, A-C) . These aneurysms were measured at 4.6 and 4.9 cm in greatest diameter, respectively, on his last chest CT 2 years before. A stable-appearing pseudoaneurysm of the ascending aorta and dissection with mild dilatation of the right subclavian artery were also noted (Fig 1, A) .
Hemorrhage, pain, and neurologic impairment necessitated urgent operative intervention. An endovascular approach was favored because the patient had undergone two previous median sternotomies and now presented with active pneumonia. The right common femoral artery (CFA) and left brachial artery were accessed percutaneously. A floppy wire was snared from the brachial artery access and brought into the CFA sheath. This was then exchanged for a stiff wire to allow the devices to track smoothly ("body flossing"). The left axillary aneurysm was treated first ( Fig  2) . From the brachial artery, a 10-mm ϫ 10-cm Viabahn stent graft (W. L. Gore and Assoc, Flagstaff, Ariz) was deployed. Proximal to this device, but distal to the vertebral artery, a 16-mm ϫ 12-cm Excluder limb (W. L. Gore and Assoc) was placed in the subclavian artery, overlapping 1.5 cm into the Viabahn graft. The Viabahn stent graft inadvertently migrated distally during wire exchange. An additional 11-mm ϫ 5-cm Viabahn graft was placed over the junction of the two stent grafts (Fig 3, A) . Balloon dilation ensured an excellent seal.
To treat the LIMA aneurysm, a 90-cm sheath was advanced into the right subclavian artery from the femoral access site, facilitating placement of multiple Tornado coils (Cook Medical Inc, Bloomington, Ind) into the aneurysm neck and sac (Fig 3, A) completion angiogram demonstrated no flow into the LIMA aneurysm sac, complete exclusion of the axillary aneurysm, and a patent vertebral artery (Fig 3, B) . At the conclusion of the procedure, a brachial artery cutdown was performed to allow primary repair of the artery. Manual compression was held on the femoral artery puncture site.
The patient recovered well. The radial pulse was palpable postoperatively. The mass on his left chest was no longer pulsatile. His pneumonia resolved with antibiotics and pulmonary toilet. Because of chronic renal insufficiency, N-acetylcysteine, hydration, and minimal contrast (60 mL) were used. A rise in his serum creatinine concentration returned to baseline within a week.
An arterial duplex scan of his left subclavian and axillary arteries 4 months postoperatively showed no endoleak, triphasic flow, and completely thrombosed aneurysm sacs. A noncontrast CT of the chest 9 months later showed resolution of the left axillary aneurysm and shrinkage of the LIMA aneurysm from 6 to 2.5 cm in maximum diameter (Fig 4) . The durability of endovascular stent grafts in the peripheral arteries of MFS patients is unknown; therefore, this patient will be monitored closely with duplex and CT imaging surveillance.
DISCUSSION
MFS is an inherited defect in connective tissue synthesis, most commonly caused by an autosomal dominant mutation of the fibrillin-1 gene (FBN1). The Marfan phenotype is most significant for skeletal abnormalities: tall, thin, short torso, and arachnodactyly. Other manifestations include high propensity for lens dislocation, arched palate, skin with striae, and fascia prone to incisional and inguinal hernias. At the cellular level, these patients have elastic fiber calcification, increased deposition of matrix elements, and intimal hyperplasia. These changes may lead to fragmentation and loss of tensile strength of the vessel fibers, allowing the vessel walls to stretch and form aneurysms. 1 The media is subject to cystic medial necrosis and vacuolization, which leads to both aneurysmal disease and dissection. 2, 3 Cardiovascular complications account for most of the morbidity and mortality in these patients, many of whom have mitral valve regurgitation or prolapse, or both, aortic root dilatation, ascending aortic aneurysms (with high risk for dissection and rupture), and commonly, abdominal aortic aneurysms. 7 The incidence of peripheral aneurysms in MFS patients is not well described in the literature. 3 As previously mentioned, axillary and IMA aneurysms typically occur in a traumatic setting or in patients with connective tissue disorders. A limited number of case reports exist describing true axillary aneurysms, and the literature in MFS patients is especially sparse. 5 In a comprehensive search, we identified no reported cases of simultaneous axillary and IMA aneurysms. The Table outlines the location, etiology, and treatment of reported axillary and IMA aneurysms in the current literature. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The decision to treat axillary and IMA aneurysms is based on size, presence of symptoms, and the risk for impending rupture. 4, 5, 18 Axillary artery aneurysms can cause ischemia due to thromboembolism. Compression from large aneurysms, pseudoaneurysms, and hematomas can produce severe pain and brachial plexopathy. Spontaneous rupture can occur, as experienced by our patient. Few published reports have described treating axillary pseudoaneurysms with percutaneous endovascular stent grafts; however, none were "true" aneurysms or patients with MFS. 4, 18 Much of the literature describes true axillary aneurysm resection with vein graft interposition. 19 Endovascular techniques may be especially advantageous for MFS, because patients with various types of cystic medial necrosis have suboptimal outcomes with open repair. Selfexpanding stents in the upper arm are likely a better option because they are less apt to deformation with movement and compression. 4 The Viabahn stent graft is flexible, making it more adaptable to tortuous anatomy. 20, 21 Excluding true axillary aneurysms with a covered stent seems prudent; however, some pseudoaneurysms, especially saccular ones, can be treated by placing coils in the aneurysm cavity, and an uncovered stent can be placed to allow maintenance of the side branches after repair. 19 The literature primarily describes treatment options for IMA pseudoaneurysms after median sternotomy, but such options can be applied to true IMA aneurysms as well. Open repair through a limited thoracotomy allows excision or ligation of the aneurysm. Embolization results in prompt thrombosis and an earlier patient discharge. 22 We identified a single report of a LIMA aneurysm in a Marfan patient that was successfully treated with coil embolization. 13 If the patency of the LIMA needs to be preserved, coronary stents have been placed in the LIMA to exclude the aneurysm sac. 22 
CONCLUSIONS
The genetic defect in connective tissue synthesis in patients with MFS may cause aneurysmal degeneration not only of the aorta but also of the peripheral arteries. Aneurysms of the axillary artery and IMA are rare but potentially morbid. The presence of symptoms and an increase in the rate of growth are indications for treatment. Such aneurysms are amenable to endovascular therapy. The durability and patency of peripheral arterial stent grafts in patients with MFS is as yet unknown. Our short-term follow-up of this patient demonstrates an excellent result with symptom resolution significant sac shrinkage and complete exclusion of the aneurysm.
